Abstract. Antarctic Peninsula (AP) ice core records indicate significant accumulation increase 8 since 1855, and any resultant ice mass increase has the potential to contribute substantially to thickening is predicted to affect GRACE estimates by no more than 6.2 Gt/yr, it may contribute 15 up to -7 mm/yr to the present-day GIA uplift rate, depending on the chosen Earth model, with a 16 strong east-west gradient across the AP. Its consideration is therefore critical to the interpretation
Introduction

19
Antarctica is undergoing Glacial Isostatic Adjustment (GIA) in response to ice mass changes 20 since the Last Glacial Maximum (LGM); however, the long-term rate and spatial pattern of GIA 2 particularly relating to the last few thousand years. Any significant load changes during this 25 period will have a dominant effect upon the observed uplift rate in low viscosity regions, such as 26 the Antarctic Peninsula (AP) [Ivins et al., 2000] .
27
In the AP, ice core records suggest an increase in annual accumulation since the 1850s, e.g.
28
the Gomez ice core in Palmer Land (see Figure 1a) indicates a doubling of accumulation during 29 this period [Thomas et al., 2008] . Other ice cores [e.g., Peel, 1992] indicate that increases also 30 occur elsewhere but the rate and magnitude is not uniform across the AP, with more increase 31 seen in the west and north than in the east. This spatial pattern reflects the different climate 32 conditions which prevail either side of the mountain chain which forms the spine of the AP, with 33 warmer conditions on the western side resulting in more precipitation than on the colder, drier 34 eastern side [Miles et al., 2008] . 35 We hypothesize that recent accumulation along the AP causes a viscoelastic response of 36 sufficient magnitude that the resulting subsidence could be observed at the surface. This would 37 counteract the predicted uplift due to deglaciation since the LGM, potentially explaining the low 38 rates of present-day uplift observed by GPS [Bevis et al., 2009; Thomas et al., 2011] . This 39 accumulation-related mass increase has not been included in recently reconstructed AP loading 40 histories [e.g., Ivins et al., 2011] . In this study, we examine the magnitude and spatial pattern of 41 increasing accumulation over the AP since 1855 using evidence from several AP ice cores. We 42 show the effect of the resulting ice-mass change upon present-day GIA uplift rates and 43 investigate the impact on GRACE-derived rates of present-day ice-mass change. 
Accumulation Data
45
We used an empirical orthogonal function (EOF) technique to estimate the spatial pattern of 46 accumulation from the regional climate model RACMO2.1/ANT over the period 1989-2010 at 47 27 km resolution [Lenaerts et al., 2012] . EOF analysis is commonly used in climate studies to 48 identify statistically significant patterns in data and as a basis for temporal extrapolation [e.g., which includes a field-based strain rate correction (pers. comm., E. Thomas, 2012) .
56
Although the ice-core records terminate prior to 2010, we estimated annual accumulation up varying the extrapolated rates by ±50% and it was found that this made no more than ±0.2 mm/yr 64 difference to the predicted GIA uplift rates; this issue is therefore not considered further.
65
To evaluate how well the EOFs are able to reproduce observations, the reconstructed 66 accumulation history for each ice-core location is plotted with the original ice-core data in Figure   67 1a. To confirm that the method is robust, the reconstruction was recomputed, omitting each ice 68 core in turn, so that only data from the other four ice cores were combined with the EOFs. Figure   69 1b indicates that Gomez, Dyer Plateau and Dolleman Island ice-core data can be well reproduced 70 using the EOF technique. The ~30 yr oscillation at James Ross Island is not well reproduced; 71 however, the general trend, which is most important for our study, is robust. The trend at Siple
72
Station is also not well reproduced; however, as this ice core lies at the southern extremity of our 
GIA Modeling
104
The output of the ice-sheet modeling was used to drive a GIA model and calculate the 105 ongoing response of the solid Earth to historical changes in ice loading. We solved the sea-level 106 equation [Farrell and Clark, 1976] would produce a large elastic signal [Thomas et al., 2011] , and an unknown viscous signal, has 118 not been included in this study. We present GIA predictions for 2012.
119
The results of the GIA modeling are highly sensitive to the adopted 
136
In Figure 3b an Earth model which is likely to be representative of the Earth structure in the The effect of recent accumulation is, to date, unmodeled in recent ice-sheet reconstructions,
174
including those used in GIA models. As a result, GIA corrections applied to Gravity Recovery
175
and Climate Experiment (GRACE) data will be biased. To examine the effect on GRACE-176 determined rates of ice-mass change we calculated the geoid rate perturbation for each GIA 177 model run and the resulting change in surface mass density, using the method described by Wahr weakest Earth model, and +0.5 to +3.2 Gt/yr for stronger Earth models (Figure 3b-c) . Previous 186 mass balance estimates, derived using GRACE data, will therefore be biased low in the AP. Note 187 that this correction only considers the GIA response to the recent accumulation increase 188 described in our study, and will be additional to corrections for the long term GIA signal and the northern AP, predicts subsidence rates of up to 3.5 mm/yr in the northern AP. 
